ABSTRACT
INTRODUCTION
Neonatal diarrhea is one of the main causes of calf mortality worldwide. The disease results in major economic losses in many dairy and beef cattle herds that result from treatment costs and calf deaths. Calf diarrhea is considered to be a multifactorial disease. Several environmental, management-related, nutritional, and physiological factors may occur either alone or in synergy with different infectious agents such as protozoans, bacteria, and/or viruses. In calves, bovine group A rotavirus (GARV) and bovine coronavirus (BCoV) are the viruses most commonly associated with neonatal diarrhea and it is not unusual that both viruses can concomitantly infect calves (Snodgrass et al., 1986; Holland, 1990; Alfieri et al., 2006; Oliveira Filho et al., 2007) . Rotaviruses belong to the Reoviridae family. They have icosahedral symmetry and a non-enveloped capsid formed by three concentric layers of protein that is 70-90 nm in diameter. The rotavirus genome is composed of 11 double-stranded RNA segments (dsRNA). Based on the common group antigen (VP6 protein), rotaviruses are classified antigenically into seven serogroups (A-G). The co-migration of genomic segments 7, 8, and 9 in polyacrylamide gel electrophoresis (PAGE) is an important characteristic of group A rotaviruses (Estes, 1996) . Several techniques have been developed to diagnose bovine GARV by detecting the viral particle (cell culture, electron microscopy, immune electron microscopy), viral protein (ELISA, latex agglutination, direct immunofluorescence), and viral genome (SS-PAGE, RT-PCR). All of these methods vary in specificity and sensitivity and present both advantages and disadvantages (Alfieri et al., 1996; Markowska-Daniel et al., 1996) . PAGE followed by silver staining (SS-PAGE) is a well-established technique that is often employed for rotavirus detection (Herring et al., 1982; Pereira et al., 1983) . It enables the identification of rotavirus groups by analyzing the migration pattern of the 11 segments of dsRNA, and it has all of the characteristics required for large scale use, such as low cost and ease of execution (Markowska-Daniel et al., 1996) . The Coronavirus genus belongs to the Coronaviridae family and is divided into three genetically distinct groups. BCoV is classified in group 2 and is a pneumoenteric virus that causes diarrhea and respiratory disease in calves and winter dysentery in adult cattle . The virus has an envelope 120-160 nm in diameter and a helical nucleocapsid. The genome is a single-stranded, positive-sense RNA molecule of 27-32 kb. The 13 open reading frames (ORFs) of the genome encode five major structural proteins (ICTV dB 2009). The frequency of BCoV infection is quite variable between different geographical regions, the production type (dairy or beef herds), and the diagnostic techniques used. In Brazil, only a few studies have evaluated the BCoV occurrence in stool samples from calves. The rates of infection range from 14 to 39% (Jerez et al., 2002; Takiuchi et al., 2006; Oliveira Filho et al., 2007; Stipp et al., 2009) . A few different methods exist to show the presence of BCoV in stool samples, including electron microscopy (EM), isolation in tissue culture, hemagglutination (HA) / inhibition (HI) assay, and ELISA, although most of them are not useful for diagnosis because they are timeconsuming or have low specificity. A reverse transcription-polymerase chain reaction (RT-PCR) for BCoV detection in calf fecal samples has high sensitivity and specificity compared to other techniques (Cho et al., 2001) . As some infectious agents may act synergistically during infection, the disease may be more severe in mixed than in single infections. The aim of the present study was to evaluate the frequency of BCoV and bovine GARV co-infection in a collection of diarrheic stool samples from calves that were previously diagnosed with rotaviruses.
MATERIALS AND METHODS

Stool samples
Forty-four diarrheic fecal samples that were positive for bovine GARV by the SS-PAGE technique were included in the study. The samples were collected from March to December of 2004 from calves of up to 60 days of age and kept at 4 o C. The calves were from beef and dairy cattle herds located in four Brazilian states: Mato Grosso (MT), Minas Gerais (MG), Paraná (PR), and São Paulo (SP). Fecal suspensions were prepared at 10 to 20% (w/v) in 0.01 M phosphate-buffered saline (PBS) pH 7.2, and centrifuged at 3,000 x g for 15 min at 4 o C. The supernatants were used for RNA extraction.
RNA extraction
Aliquots (400 µL) of the supernatant from the fecal suspension were treated with SDS at a final concentration of 1% (v/v) and kept at 56 o C for 30 min. Thereafter, a combination of the phenol/chloroform/isoamyl alcohol and silica/guanidine isothiocyanate methods was used to extract the RNA. The RNA was eluted in 50 µL of ultra-pure RNase-free DEPC-treated sterile water and used in the seminested PCR (SN-PCR). Sterile water was included as a negative control for the RNA extraction. A cell culture-adapted BCoV Mebus strain was used as positive control in SN-PCR.
Semi-nested PCR assay
SN-PCR was performed with the primers BCoV1 sense (5'-CGATGAGGCTATTCCGAC-3') and BCoV2 antisense (5'-TGTGGGTGCGAGTTC-TGC-3'); the latter was also used for reverse transcription (RT). For the second round of amplification (semi-nested), BCoV3 sense (5'-TTGCTAGTCTTGTTCTGGC-3') and BCoV2 antisense were used. The primer sequences were based on the highly conserved region of the Mebus strain N gene (GenBank accession number U00735), and the reactions were performed according to Takiuchi et al. (2006) . The sizes of the predicted PCR and SN products were 454 and 251 bp, respectively.
The SN-PCR products were analyzed by electrophoresis on a 2% agarose gel stained with 0.5µg/mL ethidium bromide and visualized under UV light.
RESULTS AND DISCUSSION
The SN-PCR amplified the 251 bp BCoV fragment in 15.9% (7/44) of the stool samples that were positive for bovine GARV, demonstrating that co-infection with the main viral agents of calf diarrhea is not a rare event. The presence of BCoV in bovine GARV-positive stool samples has also been described in other Brazilian studies; the number of samples evaluated by these studies was too low to determine whether the rates were similar to the rate presented herein (Table 1) (Jerez et al., 2002; Brandão et al., 2007; Oliveira Filho et al., 2007) . The bovine GARV and BCoV co-infection in 15.9% of the calves demonstrates that infection,,with both viruses is possible and not rare, even though they infect the same portion of the small intestine, i.e. jejunum and ileum, (Carpio et al., 1981; Saif et al., 1986) . Although the frequency of bovine GARV (11 to 19.4%) and BCoV (14 to 39%) infections in Brazilian cattle herds are high (Jerez et al., 2002; Alfieri et al., 2006; Takiuchi et al., 2006; Oliveira Filho et al., 2007) , only a few studies have been conducted to examine mixed infection by these viruses. It is not possible to confirm if the viruses compete, if the presence of one virus limits infection by the other, or if the infection with one virus favors infection by the second as a consequence of a smaller local immune response. Brandão et al. (2007) also detect both GARV and BCoV viruses, and suggested that there was a synergistic effect between them in a mixed infection. However, simultaneous infection by these viruses is not enough to confirm that they act in a synergistic way. Such an interaction should be more accurately measured under experimental conditions and not in field observations. Another important result of mixed infection may be related to virus shedding. The calves with mixed infections were more exposed to enteric pathogens, which could lead to a more severe outcome of the infection. Consequently, the recovery from intestinal injury could also be more difficult, resulting in a longer time to recover the intestinal villous. As a consequence, these calves may shed the viruses at higher titers than calves with a single infection. Since the viral load is higher, the onset of the diarrhea would also be earlier.
Outbreaks of diarrhea in calves are frequently associated with bovine GARV infection. It is unusual to perform diagnostic assays for BCoV in samples that previously tested positive to bovine GARV. Therefore, it is impossible to ascertain if the severity of some bovine GARV diarrhea outbreaks is higher due to a more pathogenic virus strain or mixed infection. Co-infections may also explain some cases of bovine GARV outbreaks in vaccinated populations of calves (Barreiros et al., 2004) . The presence of BCoV might decrease the intestinal immunity and make rotavirus infection easier, even with virus strains that are not usually associated with high pathogenicity. In Brazil, the available calf diarrhea vaccines include inactivated bovine GARV and BCoV strains and vaccinated herds are protected from diarrhea caused by both viruses and even some bacteria, which are often included in the vaccines. Herd vaccination aims to prevent clinical signs of infection by these enteric pathogens, and it is difficult to determine which viral pathogen is more prevalent in vaccinated herds. It is also unknown if the vaccine-induced immune response is maintained in mixed infections. However, prophylactic vaccination against neonatal calf diarrhea in Brazilian dairy and beef cattle herds is still not used in large scale.
In conclusion, the detection of BCoV in fecal samples positive for bovine GARV demonstrates that mixed infection by both viruses is relatively frequent in calves. Considering the high rate of diagnosis in outbreaks of neonatal calf diarrhea, all diarrheic stool samples screened for enteric pathogens must be tested for BCoV, and this is particularly important for stool samples positive for other viruses, such as bovine GARV. This strategy will shed new light on the causes of calf diarrhea outbreaks involving vaccinated beef and dairy cattle herds and outbreaks with severe clinical signs and higher morbidity and mortality rates.
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